The objective of this study was to compare gestational weight gain (GWG) among women in group and traditional prenatal care.
INTRODUCTION
In 2009, the Institute of Medicine updated its gestational weight gain goals. 1 Nonetheless, these goals were exceeded by nearly 50% of all women in 2010 and 2011. 2 Most critically, women who were overweight or obese had the highest incidence of excessive weight gain (62% and 56%, respectively). Consequently, it is not surprising that almost 75% of women weigh more than their prepregnancy weight at 6 months postpartum. 3, 4 Thus, gestational weight gain has implications for a woman's long-term health. It is of further interest to note the racial and ethnic differences in weight and gestational weight gain. For example, Hispanic (43.3%) and non-Hispanic black (56.7%) reproductive-age women (20-39 years) are more likely to be obese compared with nonHispanic white women (33.2%) according to the National Health and Nutrition Examination Survey. 5 Consequently, these women are at higher risk for starting a pregnancy with a higher body mass index (BMI). Conversely, Hispanic and non-Hispanic black women are more likely to have inadequate gestational weight gain compared with non-Hispanic white women according to other epidemiological studies, thus creating an additional risk factor for adverse perinatal outcomes and a complex approach to study design and analysis. 6 Because many women are motivated to improve their health behaviors during pregnancy, this period is often considered the ideal opportunity to intervene to improve nutrition and physical activity so as to meet gestational weight gain goals. 7 In group prenatal care, women typically have their prenatal visits in conjunction with several other women who have similar due dates. This model of care provides a unique opportunity to build relationships and gain additional knowledge, skills, and social support for pregnancy and childbirth. CenteringPregnancy is a group prenatal care model that is frequently used in the United States. Women in CenteringPregnancy measure and chart their own weight over time in notebooks. Facilitators of the sessions (eg, certified nursemidwives, physicians) encourage goal setting in domains such as diet, exercise, and weight gain. In nonpregnant individuals, social support, goal setting, and self-monitoring have all been cited as key elements of successful health behavior interventions for weight management. 8, 9 Because these components are integrated into the CenteringPregnancy model of prenatal care, it is possible that women who participate in this program would have improved gestational weight gain outcomes. However, many of the systematic reviews or metaanalyses that have evaluated the association between perinatal outcomes and group prenatal care have not evaluated gestational weight gain [10] [11] [12] and the individual studies that have ✦ Systematic reviews or meta-analyses that have evaluated the association between perinatal outcomes and group prenatal care have not thoroughly evaluated gestational weight gain.
✦ Given that social support, goal setting, and self-monitoring are integrated into CenteringPregnancy, it is possible that women who participate in this model of prenatal care would have improved gestational weight gain outcomes.
✦ We did not find differences in gestational weight gain among predominantly Hispanic women in CenteringPregnancy and traditional prenatal care models.
✦ It is likely that other confounding factors are responsible for the gestational weight gain patterns we found, and additional research is needed to determine the relationship between prenatal care models and gestational weight gain outcomes.
evaluated gestational weight gain in women who are racial and ethnic minorities have inconsistent findings. [13] [14] [15] Thus, the objective of this study was to compare gestational weight gain between women in CenteringPregnancy and those in traditional, individual prenatal care among women in an urban setting with a predominantly Hispanic patient population.
METHODS
Erie Family Heath Center, a federally qualified health center in Chicago, Illinois, began to offer group prenatal care using the CenteringPregnancy model in 2005. This center, where certified nurse-midwives (CNMs) and family physicians provide group prenatal care to women who are primarily from low-income, minority backgrounds and live in urban neighborhoods, is an approved site for CenteringPregnancy. The CNMs and family physicians provide separate CenteringPregnancy sessions. Exclusion criteria for participation in group prenatal care were medical conditions such as pregestational diabetes mellitus, chronic hypertension requiring medication, and multifetal gestation. CenteringPregnancy offers a total of 10 consecutive sessions in its group prenatal care model. Based on internal review of our clinical practices, we know that women attend a median of 6 out of 10 scheduled CenteringPregnancy sessions during the course of the pregnancy at this site.
The present analysis is a retrospective cohort study of women who received prenatal care between 2011 and 2015 at Erie Family Health Center. This period was chosen because of the feasibility of abstracting accurate data and for being long enough to provide an adequate time to achieve the target sample size. The CenteringPregnancy coordinator at this site maintained a list of all women participating in CenteringPregnancy, and this list was used to identify women eligible for inclusion in this study. All data were abstracted from the electronic health record.
Women were excluded if they had a fetal demise, developed gestational diabetes, or had a preterm birth (Ͻ37 weeks' gestation). If an eligible woman had more than one pregnancy during the period of study, only the first pregnancy was included in the analysis. Because prepregnancy weight was not available for all participants in the electronic health record, we further limited the analysis to women who presented in the first trimester for prenatal care. Classification of BMI category was based on height and weight values at the first-trimester prenatal visit. Demographic information (age, race and ethnicity, marital status, parity), number of prenatal care visits, preeclampsia, total gestational weight gain, and gestational age at birth were abstracted from the electronic health record. Preeclampsia was recorded to determine its occurrence in this cohort and determine if adjustments in the analysis were necessary to account for weight gain that may have been related to preeclampsia. Eligible women were categorized according to the type of prenatal care they received: CenteringPregnancy or individual, traditional care. A woman was defined as participating in CenteringPregnancy if she attended at least one group session.
Regarding education and counseling about gestational weight gain, group prenatal care providers typically follow the content in the CenteringPregnancy Facilitator's Guide and CenteringPregnancy Notebook, which uses the Institute of Medicine 2009 weight gain recommendations and encourages women to plot their own weight and weight goals in the notebook, with a more focused facilitated discussion on nutrition and weight changes at the first CenteringPregnancy session. At Erie Family Health Center, midwives, family physicians, and obstetrician-gynecologists provide traditional prenatal care in which the Institute of Medicine 2009 weight gain recommendations are also used for education and counseling. Individual prenatal care provider approaches to gestational weight gain varied and were not measured in this study.
Because of the known differences in demographic and other characteristics of women who opt for group prenatal care, we used a propensity score analysis to match the women in CenteringPregnancy to women who received traditional prenatal care during the same period and at the same site and had the same eligibility criteria for inclusion in the analysis. This method has been shown to reduce selection bias and confounding on treatment effects in nonrandomized observational studies and create more balanced groups according to baseline characteristics. 16 Analyses were restricted to women whose marital and parity status, height, initial weight (firsttrimester measured value), and final weight (last recorded weight during a prenatal visit within one month of birth) were available.
Propensity scores were estimated as the predicted probability of women participating in CenteringPregnancy versus traditional prenatal care based on a logistic regression model, regressing participation in CenteringPregnancy on the following covariates: age (years), marital status (married or not married), nulliparas, and initial BMI. Women from CenteringPregnancy were matched on a 1:1 basis to an individual with the nearest propensity score from all women who had received traditional prenatal care, as determined by the nearest matching algorithm, MatchIt, in the R statistical software program (R Foundation, Brussels, Belgium). The quality of the matching on individual variables incorporated in the propensity scores was assessed by testing whether previously significant baseline characteristics were now nonsignificant between the groups.
Bivariate comparisons of demographics and antenatal complications were performed for women in CenteringPregnancy versus the matched control group with either chi-square or Wilcoxon rank-sum tests, as appropriate. Gestational weight gain, defined as the difference between the initial weight and the final pregnancy weight, was compared between groups as a categorical variable (inadequate, adequate, and excessive; weight gain versus loss) according to the 2 ). 1 To standardize the weight gain regardless of the length of gestation, the weekly rate of gestational weight gain was also calculated by dividing the total gestational weight gain by the gestational age at birth and then multiplying by 40 to estimate the amount of gestational weight gain were the pregnancy to have lasted 40 weeks. 17 Logistic regression analysis estimated the association between excessive gestational weight gain (dependent variable) and prenatal care model (CenteringPregnancy vs traditional prenatal care; independent variable) with adjustment for other confounders. Unadjusted and adjusted odds ratios (ORs) with 95% CI were reported. Two sensitivity analyses were performed. One was limited to women with at least 5 CenteringPregnancy or traditional prenatal care visits, to further evaluate the dosage of prenatal care visits. The other sensitivity analysis excluded underweight women, who are less likely to have excessive gestational weight gain. For the main analysis, we calculated that a sample size of 400 women in each group would be sufficient, assuming a 50% occurence of excessive gestational weight gain among women receiving traditional prenatal care, to detect a 20% reduction in excessive gestational weight gain with a power of 0.80 and an alpha value of .05. All statistical analyses were performed with R statistical software (version 3.3.3). The Northwestern University Institutional Review Board approved this study.
RESULTS
During the study period, 648 women participated in CenteringPregnancy, 409 of whom met all inclusion criteria, with 49% being underweight or normal weight, 28% overweight, and 23% obese. Sixty-eight women (10% of the original cohort) were excluded because of starting prenatal care after the first trimester. Each of these 409 women were matched to a woman who had received traditional prenatal care during the same period, with the nearest propensity score based on age, marital status, parity, and initial BMI as the matching variables. The majority of the women in both groups were Hispanic, although the majority of the groups were conducted in English (Table 1) .
There were no differences between the groups with respect to adequacy of gestational weight gain between women in CenteringPregnancy (25% inadequate, 32% adequate, 43% excessive) and traditional prenatal care (20% inadequate, 29% adequate, 50% excessive; P = .10; Table 2 ). The findings were also similar when we normalized gestational age at birth to 40 weeks (24% inadequate, 30% adequate, 46% excessive vs 21% inadequate, 28% adequate, 51% excessive; P = .31).
In the univariate analysis, excessive gestational weight gain was less common among women receiving CenteringPregnancy (43% vs 50%; OR, 0.75; 95% CI, 0.57-0.99), but after adjusting for age, marital status, initial BMI, parity, total number of prenatal care visits, and gestational age at birth, the difference was no longer statistically significant (OR, 0.77; 95% CI, 0.45-1.30; Table 2 ).
When we restricted the analysis to women who had at least 5 group or traditional prenatal visits (n = 536 total women; 268 in CenteringPregnancy and 268 in traditional prenatal care), there also was no significant association between CenteringPregnancy and excessive gestational weight gain in either unadjusted (OR, 0.83; 95% CI, 0.59-1.16) or adjusted analysis (OR, 0.97; 95% CI, 0.24-3.96). When we excluded underweight women from the analysis (n = 22), there was a decrease in the odds of excessive gestational weight gain among women in CenteringPregnancy (OR, 0.75; 95% CI, 0.56-0.99), but the differences did not persist in adjusted analysis (OR, 0.78; 95% CI, 0.46-1.31).
DISCUSSION
In this retrospective cohort study of predominantly Hispanic women, we found lower occurrences of excessive gestational weight gain in women who received CenteringPregnancy compared with women in traditional prenatal care. However, when adjusting for other factors, including initial BMI, parity, and gestational age at birth, the differences in excessive gestational weight gain did not persist. Similarly, when we restricted the analysis to women who had at least 5 CenteringPregnancy or traditional prenatal care visits, there were no differences in the occurrences of excessive gestational weight gain.
Prior evaluations of prenatal care models have demonstrated inconsistent findings, showing both a positive association between group prenatal care and decreased gestational weight gain and no association between the 2 models of prenatal care and gestational weight gain. For example, Trudnak et al studied gestational weight gain among predominantly Hispanic women at a southern Florida public health clinic receiving either CenteringPregnancy or traditional prenatal care. They found differences in inadequate weight gain between the 2 groups (P Ͻ .01) based on the 1990 Institute of Medicine guidelines (15% CenteringPregnancy vs 33% traditional prenatal care; OR, 0.41; 95% CI, 0.22-0.78). 15 Magriples et al reported a secondary analysis from a cluster randomized controlled trial from 14 sites in New York City. Although 50% of all participants exceeded gestational weight gain goals, in multilevel modeling, women in CenteringPregnancy gained less weight during pregnancy and retained less weight at (23) 93 (23) Class I, 30-34.9 63 (15) 71 (17) Class II, 35-39.9 25 (6) 13 (3) Class III, ࣙ40
Tobacco use before or during pregnancy 45 (11) 41 (10) .94
Total number of prenatal visits, median (IQR) 11 (9-13) 12 (10-13) Ͻ.001
Total number of CenteringPregnancy prenatal visits, median (IQR) 6 (4-8) -

Gestational age at birth, median (IQR), weeks 40 (39-40) 40 (39-40) .58
Abbreviations: BMI, body mass index; IQR, interquartile range. 12 months postpartum based on weight trajectories over time (P Ͻ .001). These differences remained when groups were stratified by BMI in a population that was primarily Hispanic and nulliparas. 13 Tanner-Smith et al found that women in CenteringPregnancy more frequently had excessive gestational weight gain than women in traditional prenatal care (36% compared with 27%) in a population that was primarily non-Hispanic black. 14 However, it was only after propensity score matching that CenteringPregnancy seemed to be associated with a lower risk of excessive gestational weight gain.
Table 2. Antenatal Complications and Gestational Weight Gain in CenteringPregnancy versus
Our study adds to the evidence because we evaluated Hispanic and non-Hispanic black women, who have an a priori increased risk for inadequate gestational weight gain, yet we found similar occurrences of inadequate gestational weight gain in both CenteringPregnancy and traditional prenatal care. Furthermore, the occurrences of excessive gestational weight gain were similar to other studies from the United States (43%-50%). 2 This study used propensity score matching to account for many differences in participant characteristics in group and traditional prenatal care, thus reducing both selection and confounding bias and strengthening our findings.
Altogether these findings, including our own, suggest that unmeasured confounders are responsible for gestational weight gain patterns. Diet and exercise are among many factors that contribute to gestational weight gain, and specific demographic characteristics have been associated with variation in gestational weight gain. Hispanic and non-Hispanic black women are known to have lower mean gestational weight gain compared with white women, yet 36% to 51% of Hispanic and non-Hispanic black women also have excessive gestational weight gain. [18] [19] [20] [21] Conversely, prepregnancy BMI is the most important risk factor for excessive gestational weight gain such that up to 60% of women with obesity exceed the gestational weight gain guidelines of 11 to 20 pounds. 22, 23 There may be a greater emphasis on health behaviors and opportunities for social support in CenteringPregnancy because each session lasts approximately 90 minutes and has dedicated content topics. However, dietary and exercise counseling were not directly measured in this study in either CenteringPregnancy or traditional prenatal care participants. The high proportion of nulliparous women who typically have higher gestational weight gains and Hispanic women who typically have lower gestational weight gains may have balanced out the risks of excessive gestational weight gain in this study. In addition, culture and acculturation, environment, access to foods, and family support are part of the theoretical framework as determinants of gestational weight gain and likely contributed to gestational weight gain in these women who resided in an urban environment. 1 Women who participated in this study may have heard mixed messages about "eating for two," may have been discouraged to exercise in pregnancy, and may have challenges related to food access and preparation, 24 but these factors were also not directly measured in this study.
We recognize several limitations to this study. Because prepregnancy weight data were not available, we limited the study to women who initiated prenatal care in the first trimester and had a measured early weight available to ensure reliable data. These data excluded approximately 10% of the original cohort, thus potentially introducing bias that could both over-and underestimate gestational weight gain. However, other studies have demonstrated concordance between self-reported prepregnancy weight and first-trimester weight. 25 The restriction to births occurring at or after 37 weeks' gestation was necessary because of the inclusion of women who had weight data within one month of birth. We calculated that the occurrence of preterm birth in these low-risk women in CenteringPregnancy was 6%, so we do not suspect that this exclusion significantly altered the findings. Other important confounders, such as participant education level, native language, cultural beliefs, and prenatal care provider type (eg, CNMs, physician), were not known. Related to prenatal care provider type, we recognize that CNMs and physicians may address topics such as nutrition, exercise, and weight gain in different ways in either CenteringPregnancy or traditional prenatal care. These differences, including the proportion of visits provided by CNMs and physicians, were not available in the database.
Furthermore, the language (English, Spanish, or both) the prenatal care providers used during either CenteringPregnancy or traditional prenatal care visits was not available in the database. The majority of participants were Hispanic, and we know from our clinical practice that many Hispanic women are bilingual, but these data were also not available in the database. Women who attended at least one CenteringPregnancy visit were categorized as such, similar to an intent-totreat principle. We acknowledge that attendance at only a few CenteringPregnancy visits may not allow for sufficient interactions to affect health behaviors. This aspect of the study design could explain the lack of differences in gestational weight gain; however, when we limited the analysis to women who had at least 5 CenteringPregnancy or traditional prenatal care visits, there were also no differences in gestational weight gain. Lastly, the propensity score matching was a strength of this study, as it allowed us to create more balanced comparison groups, especially for women in CenteringPregnancy who were younger, commonly nulliparous, and without medical complications.
CONCLUSION
There were no differences in gestational weight gain adequacy between women in CenteringPregnancy compared with traditional prenatal care in adjusted analyses. Further study is indicated to determine the relationship between prenatal care delivery model, health behaviors, social support, and other factors that contribute to gestational weight gain outcomes. This information is important because these outcomes are critical to guide decision making as it pertains to adopting new prenatal care models.
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